Baroreceptor mean arterial blood pressure-heart period curves were obtained for unanesthetized sham-operated, thalamic, or pontine rabbits at an arterial Po 2 of 100 or 30 mm Hg. Each curve was S-shaped: it had a lower heart period plateau below threshold pressure, a part where heart period increased monotonically with rising mean arterial blood pressure, and an upper heart period plateau above upper saturation pressure. In spontaneously, breathing rabbits, the pressure-dependent parameters of the curves were altered during hypoxia; in addition, there were baroreflex-independent shifts in heart period plateau levels. Suprapontine centers participated in both of these changes. An afferent analysis performed in rabbits treated with atropine and subjected to controlled ventilation showed that the changes in curve parameters were due to afferent interactions in cardiac sympathetic motoneurons between (1) arterial baroreceptor and chemoreceptor inputs which increased threshold, (2) arterial baroreceptor and cardiopulmonary baroreceptor inputs which lowered threshold and increased gain, and (3) cardiopulmonary baroreceptor and chemoreceptor inputs which increased gain and heart period range. Baroreflex-independent shifts in plateau levels were due to increased chemoreceptor and lung inflation receptor activity, The baroreflex-dependent and the baroreflex-independent components of the heart period response were mediated (as in spontaneously breathing rabbits) through both suprapontine centers and pontine centers.
• A generalized circulatory disturbance usually alters the activity of several peripheral receptor groups, but little is known about how these multiple inputs evoke a particular autonomic effector response (1) (2) (3) . The integrative response depends on the extent to which each input activates specific motoneurons in the autonomic motoneuron pool and interacts with other inputs (e.g., by convergence onto common motoneuroris). By analyzing the changes produced in the baroreceptor stimulusresponse curve by a given circulatory disturbance,
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given atropine. In addition the effects of arterial chemoreceptors, lung inflation receptors, arterial baroreceptors, and cardiopulmonary baroreceptors on the stimulus-response curves of various rabbit preparations that had been given atropine and subjected to controlled ventilation were analyzed. From these experiments, we derived a model of the pathways from each input to the different parts of the sympathetic motoneuron pool; this model helps to explain how the integrative response is produced in the intact animal.
Methods
The experiments were performed on male New Zealand white rabbits. Their mean body weight was 2.4 kg (range 2.0 to 3.2 kg). Inflatable latex balloons were implanted around the upper abdominal aorta and the upper inferior vena cava under halothane anesthesia 6-14 days before an experiment (10) . On the day of the experiment, the central ear artery and the right atrium were cannulated and a tracheostomy tube was inserted under 0.5% lidocaine anesthesia (11) . Sham-operated rabbits, thalamic rabbits, and pontine rabbits were then prepared under halothane anesthesia (12) . In some rabbits, section of the carotid sinus and aortic nerves was performed under anesthesia immediately after the craniotomy (11) . In others, fine ties were placed around both mid-cervical vagi during the neck operation. Just before the experiment the neck wound was reopened after skin infiltration with lidocaine, and the vagi were cut. The experiment began 0.5 hours after the skin wound was closed. Measurements of ear artery pressure, right atrial pressure, heart period, respiratory minute volume, respiratory rate, and arterial Po 2 , Pco 2 , and pH were performed as described previously (10, 11) .
EXPERIMENTAL PROCEDURES
Variable rises and falls in mean arterial blood pressure were produced by inflating the aortic and caval balloons with 0.9$ NaCl (10) . Mean arterial blood pressure, pulse pressure, right atrial pressure, and heart period were averaged over 10-15 seconds before each balloon inflation and during the last 5-7 seconds of the 30-second inflation. One minute after one balloon was deflated, the other was inflated; the pair of inflations was repeated every 5 minutes. The order of inflating the aortic and caval balloons was alternated in successive experiments.
During the control period, five pairs of balloon inflations were performed while the rabbit was breathing air (Fig. 1 ). This procedure was followed by 48 minutes of hypoxia (mean arterial Po 2 30 imn Hg, range 28 to 35 mm Hg) in which ten pairs of balloon inflations were made, starting 2 minutes after the induction of hypoxia. Lastly, three pairs of balloon inflations were made during a 15-minute recovery period following hypoxia. Arterial blood samples were collected at the start of the control period and 12 and 37 minutes after the start of hypoxia. Each rabbit was subjected to only one period of hypoxia.
In the first series of experiments, we examined the changes in baroreceptor function during hypoxia in spontaneously breathing rabbits. The sham-operated and thalamic rabbits recovered normal movement and posture within 1 hour after the end of anesthesia, and they were then placed in a rabbit box. The pontine rabbits lay on their side and their temperature was artificially maintained; shortly before the start of the experiment they were placed in a special holder and studied in the prone position (12) . Experiments were begun 3 hours after the end of anesthesia. There were two subgroups in this series of experiments: (1) rabbits with vagal and cardiac sympathetic effectors functioning normally (five sham-operated, five thalamic, and five pontine rabbits) and (2) rabbits treated with a priming dose (1 mg/kg, iv) of atropine sulfate 15 minutes before the experiment followed by a continuous infusion (0.1 mg/kg min x , iv) of the drug (five sham-operated and five pontine rabbits). In this dose, atropine probably has minimal effects on the sympathetic effector response (10) .
The second series of experiments was performed under controlled ventilation. The rabbits were allowed to breathe spontaneously while they recovered from the craniotomy. In some rabbits a midcervical vagotomy was performed just before the experiment after lidocaine infiltration of the skin. All rabbits in this series were given atropine 2.5 hours after the end of anesthesia (30 minutes before the start of the experiment). They were then connected to a respiratory pump and ventilated at the average resting respiratory minute volume and respiratory rate of spontaneously breathing normal rabbits (i.e., 1 liter/min at a rate of 60/min). Muscular relaxation was induced by administering decamethonium iodide (initial dose 1 mg/ kg, iv, with supplements of 0.5 mg/kg, iv, every 20-30 minutes) (12) . No surgical intervention was undertaken while the rabbits were under the influence of decamethonium; they were placed on sponge rubber and wrapped in cotton wool, and Dow silicone medical fluid no. 360 was instilled into their eyes to minimize somatic stimuli as described previously (12) . The experiment began 20-30 minutes after the administration of decamethonium. In the first part of the study, the rabbits were ventilated with room air, and we examined the effects of changing ventilation from 1 liter/min to 2 liters/min by increasing the pump stroke while keeping the rate constant. At each level of ventilation four or five pairs of balloon inflations were performed every 5 minutes. During the second part of the experiment, ventilation was maintained constant at 2 liters/min during control, hypoxic, and recovery periods. Ventilation at 2 liters/min was selected to imitate the respiratory minute volume of a normal spontaneously breathing rabbit during hypoxia. In the spontaneously breathing rabbit, this level of hypoxia is tolerated without apparent distress (12, 13) . The length of control, hypoxic, and recovery periods was the same as it was in the first series of experiments. We studied baroreceptor-sympathetic heart rate effects in five sham-operated, five thalamic, and five pontine rabbits, in four sham-operated rabbits with sectioned
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carotid sinus and aortic nerves, and in five shamoperated and six pontine rabbits subjected to vagotomy.
STIMULUS-RESPONSE CURVES
Iii each experiment baroreceptor function was tested at the stated times during control, hypoxic, and recovery periods by inflating the aortic and caval balloons to evoke pressure changes about the prevailing resting pressure (Fig. 1) . The 30-second inflation was adequate to produce an approximately steady-state heart period response (10) . The stimulus-response curves were calculated from the responses of four to six rabbits in each group of experiments; several measurements were made in each rabbit. In the hypoxia experiments, each rabbit contributed the following number of balloon inflations to the various stimulus-response curves: five pairs during the control period (C in Figs. 1  and 3 ), three pairs during the early part of hypoxia (Hj), at 2, 7, and 12 minutes, respectively, three pairs during the middle part of hypoxia (H,), four pairs during the latter part of hypoxia (H 3 ), and three pairs during recovery (R). The order in which the prescribed pressure changes were applied during the control period, the three hypoxic periods, and the recovery period was varied at random from rabbit to rabbit in a given group. In the hyperventilation study, results from four or five pairs of balloon inflations per rabbit were used to calculate the curves at each level of ventilation.
Each mean arterial blood pressure-heart period response curve was derived as described previously (10) . Mean arterial blood pressure changes provided an adequate index of the complex pressure function generated by balloon inflation, because there was a high correlation between the evoked changes in mean arterial, pulse, and right atrial pressures. The results from the responses to aortic and caval balloon inflations were described adequately by univariant regression functions which related the gain of the heart period response to the logarithm of the change in mean arterial blood pressure. In sham-operated and thalamic rabbits, the resting heart period changed more rapidly between the three pairs of inflations in period H] than it did between the inflations in periods H 2 and H 3 (Fig. 1) ; this phenomenon probably contributed to the larger standard errors of the calculated values of heart period during period Hj (Fig. 3 curve H x ) .
With the present method of curve fitting, the calculated values of heart period sometimes rose slightly after reaching their minimum value below threshold pressure (e.g., Fig. 3 curve Hj) or fell slightly after reaching their maximum value above upper saturation pressure (e.g., Fig. 3 curve H 3 ). These slight variations occurred near the limit of the observed blood pressure changes. The standard errors of the calculated values of heart period at these points were relatively large, and the heart period did not differ from the mean plateau values at less extreme blood pressure deviations.
From each mean arterial blood pressure-heart period response curve, three parameters were derived (10) . (1) Heart period range (HPR) equals the mean heart period plateau level above upper saturation pressure minus the mean heart period level below threshold pressure (msec). (2) 
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Results
SIGNIFICANCE Of CHANGES IN STIMULUS-RESPONSE CURVES
When a circulatory disturbance activates part of the cardiac autonomic motoneuron pool independently of the normal input from the arterial and cardiopulmonary baroreceptors, only the mean level of the heart period changes, with equal shifts in upper and lower plateau levels, but there are no changes in any of the pressure-dependent parameters ( Fig. 2A ). Changes in one or more of the pressure-dependent parameters ( result from several types of interaction. There may be interactions between the baroreceptor inputs and one or more other inputs (e.g., chemoreceptors). Since only the arterial blood pressure is controlled during balloon inflation by the present method, there may also be interactions between the inputs from the arterial baroreceptors and the cardiopulmonary baroreceptors, owing to systematic changes in the latter's activity during the disturbance. The terms "baroreflex independent" and "baroreflex dependent" are used in this paper to describe disturbance-induced changes in the curves. In earlier publications (3, 12) the term "central resetting of the baroreceptor reflex" was used to describe both types of changes.
Schematic illustration of different mechanisms involved during a circulatory disturbance in altering baroreceptor stimulus-response curves from their control position (light curve). A: When reflex cardiac motoneuron activation is entirely independent of the input from circulatory baroreceptors, only the mean level of the heart period is altered
EFFECT OF HYPOXIA IN SPONTANEOUSLY BREATHING RABBITS
In sham-operated rabbits in which both effectors were functioning, arterial and right atrial pressures increased transiently and heart period remained elevated throughout hypoxia (Fig. 1 ). The response of the thalamic preparations ( Fig. 3 ) was similar (12, 13) . In pontine rabbits, the arterial blood pressure also increased, but right atrial pressure did not change (12, 13) and heart period decreased significantly below control during the middle and later parts of hypoxia (Fig. 3) . Changes in arterial blood composition and the rise in ventilation during hypoxia (mean arterial Po 2 30 mm Hg) were the same as those described in previous reports (12, 13) .
During hypoxia the curves for each preparation shifted from their control positions. In shamoperated rabbits, the shifts in upper and lower plateau levels were approximately equal during each period (i.e., they were baroreflex independent) and were maximal during the early part of hypoxia (Fig. 3) . The pressure-dependent parameters of the stimulus-response curves were also altered during hypoxia; transient rises in BP 50 and threshold pressures and a sustained elevation in G by about 100% occurred (Table 1, Fig. 3 ). At each time interval the rise in resting heart period from control was greater than the rise in plateau levels and was thus in part baroreflex dependent due to the intravascular pressure changes. As explained in Figure 4 , the average rise in resting heart period above control during period H 1 was 207 msec. The baroreflex-independent component of this rise determined from the average rise in plateau levels was 162 msec, leaving 45 msec as the component mediated through the baroreceptor system. Had the arterial blood pressure risen by the same amount 
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during the control period, the baroreflex-dependent rise in heart period would have been slightly greater (57 msec, RX on curve C). During period H 3 , the resting heart period was 76 msec above control, and the magnitudes of the baroreflexdependent and the baroreflex-independent components were 38 msec each.
In thalamic rabbits, the change in resting heart period and the initial level of displacement of the upper plateau during period Hi were the same as they were in sham-operated rabbits. The lower plateau level was not well defined during the early and middle periods of hypoxia. There was no initial rise in BP 50 and threshold pressure, but G more than doubled and HPR increased (P = 0.01) during the early and middle periods of hypoxia.
In pontine rabbits, only the upper plateau rose above the control level during the early part of hypoxia. The lower plateau was not altered, and the resting heart period remained near the control level. BP 5n and threshold pressure increased as they did in sham-operated rabbits, but there was little change in G. However, during the middle and later periods of hypoxia the baroreflex-independent shifts in heart period were in the opposite direction to those observed in sham-operated and thalamic rabbits. 
FIGURE 3
Mean arterial blood pressure-heart period curves obtained in spontaneously breathing rabbits with cagal and sympathetic effectors both intact during control (C), hypoxic (Hj-H.,), and recovery (R) periods. We also studied the effects of hypoxia on the stimulus-response curves in sham-operated rabbits treated with atropine. The baroreflex-independent shifts in plateau levels during hypoxia were in the same direction as they were in rabbits with both effectors intact, although they were only about 30% of the response of the latter group (see Table 1 for pressure-dependent parameter differences). In pontine rabbits treated with atropine, both plateau levels were reduced from control levels during the initial period (Hi) of hypoxia as well as during periods H-; and H 3 Values are means =• = si! calculated from pooled data (curve calculated from number of aortic balloon inflations + number of caval balloon inflations + number of pairs of resting values [10] ). C = control period (rabbits breathing air), Hi = early period of hypoxia, and H 3 = later period of hypoxia. MABP = resting mean arterial blood pressure, HP = resting heart period, BPso = median blood pressure, HPR = heart, period range, and G = average gain.
the shift in plateau levels was about 50% of that in pontine rabbits with both effectors intact.
In intact sham-operated rabbits, the rise in heart period plateau during hypoxia was thus about 70% due to vagal excitation and about 30% due to sympathetic inhibition. The magnitude of the changes in BP 50 and G at the various times during hypoxia suggests that both baroreflex-dependent vagal and sympathetic motoneurons were involved. In pontine rabbits, the reduction in plateau in the later part of hypoxia was about 50& due to sympathetic excitation and 50% due to inhibition of vagal motoneurons. However, during the early part of hypoxia (Fig. 3 Hi) , absence of any shift in the lower plateau suggests that the effects on heart period of sympathetic excitation were masked by simultaneous excitation of vagal effectors. The rise in HPR in the early part of hypoxia was entirely due to an increase in vagal effector output.
In sham-operated and thalamic preparations with vagal and sympathetic effectors both functioning, the reduction in right atrial pressure during caval balloon inflation throughout hypoxia was more marked than the fall observed while the rabbits were breathing air (mean changes -0.7 ±0.2 mm Hg air, -4.1 ± 0.4 mm Hg hypoxia, P < 0.001). In rabbits treated with atropine, caval balloon inflation also elicited a greater fall in right atrial pressure during hypoxia (P<0.01). In both groups of pontine rabbits, the changes in right atrial pressure during balloon inflation remained approximately constant during the experiment.
SYMPATHETIC RESPONSES DURING CONTROLLED VENTILATION
Role of Chemoreceptors, Arterial Baroreceptors, and Cardiopulmonary Baroreceptors.-To eliminate the reflex effects of hyperventilation, respiration was maintained constant at 2 liters/min during control and hypoxic periods. In sham-operated rabbits treated with atropine, the increase in the plateau levels of the curves during hypoxia was somewhat greater than it was in spontaneously breathing rabbits treated with atropine. BP S0 increased during the early part of hypoxia, and during the last period G doubled and HPR widened (Fig. 5, Table 2 ). In the thalamic group, the changes were similar. In pontine rabbits, the Resting mean arterial blood pressure and heart period for these data are plotted in Figure 5 . Notation is the same as in Table 1. alterations in the curves during hypoxia were the same as they were in spontaneously breathing rabbits (Fig. 5, Table 2 ).
Mean arterial blood pressure-heart period curves obtained during control and hypoxic periods in the following groups of rabbits: five sham-operated, five vagotomized (intact central nervous system), five pontine, and four with sectioned carotid sinus and aortic nerves (intact central nervous system). All the rabbits were given atropine and ventilation
In sham operated rabbits with sectioned carotid sinus and aortic nerves (which include all fibers from arterial baroreceptors in the rabbit [14] ), ballon inflation did not elicit any reflex changes in heart period during any of the observation periods. There was a minimal shift from control in mean heart period during the early parts of hypoxia (Fig.  5 , curves C and K t ), indicating that the corresponding changes in the intact rabbit were reflex in nature. During the middle and later periods of hypoxia, the heart period increased by 16 ± 4 msec (P<0.05) above control. This rise was probably partly due to the direct effects of hypoxia on the pacemaker, since it was associated with a marked fall in mean arterial blood pressure (15) .
In vagotomized rabbits treated with atropine, the changes in the curves during hypoxia differed from those for rabbits given atropine alone (Fig. 5 , Table  2 ). In vagotomized rabbits, the initial rises in BP S() and threshold were more marked. HPR and G remained approximately constant throughout hypoxia and did not increase during the middle and later periods as they did in rabbits given atropine alone. In both groups, caval balloon inflation was associated with a more marked reduction in right atrial pressure during hypoxia (vagotomy + atropine: -1. In sham-operated rabbits, the baroreflex-independent rise in plateau level was thus not mediated through vagal afferents but through the carotid sinus and aortic nerves, i.e., through the chemoreceptors. Similarly the carotid sinus and aortic nerves mediated the rise in BP 30 and threshold through arterial baroreceptor-chemoreceptor interaction. Since ventilation remained constant, the effects mediated through vagal afferents arose from cardiopulmonary baroreneptors. These effects moderated the rise in BP r ,o and threshold early in hypoxia and later contributed to the rise in G and HPR (see Discussion).
There were only small differences in displacement of the plateau levels and in changes in pressure-dependent curve parameters during hypoxia between pontine rabbits given atropine and pontine rabbits given atropine and subjected to vagotomy.
Effects of Hyperventilation with Room Air.-Increasing respiratory minute volume from 1 to 2 liters/min in sham-operated rabbits ventilated with room air, produced cardioacceleration, systematic lowering of plateau levels, and minimal changes in pressure-dependent curve parameters, suggesting little interaction with baroreceptor influences (Fig,  6 , Table 4 ). In thalamic rabbits, the changes were similar, but in pontine rabbits the lowering in plateau levels was about half that in the other groups.
In rabbits with sectioned carotid sinus and aortic nerves, hyperventilation produced a lowering of For notation see Table 1 .
heart period virtually identical to that in shamoperated rabbits with these nerves intact (Fig. 6) . The effects of hyperventilation on cardiac sympathetic activity were therefore independent of arterial baroreceptor input. In vagotomized rabbits treated with atropine, the shift in plateau levels due to hyperventilation was much reduced and the small residual lowering of the plateau level was not statistically significant (P = 0.15). The systematic shift in the curves during hyperventilation is thus mediated through vagal afferents and probably arises from lung inflation receptors (16, 17) .
SUPRAPONTINE AND PONTINE INFLUENCES ON BAROREFLEX-DEPENDENT COMPONENT OF CARDIAC SYMPATHETIC ACTIVITY
Arterial Baroreceptors.-To assess the role of higher centers on neurons receiving projections from arterial baroreceptors, we compared the stimulus-response curves obtained at the same respiratory minute volume from vagotomized shamoperated and pontine rabbits treated with atropine and ventilated with room air (Table 3 ). BP=>o and threshold were higher in the sham-operated group than they were in the pontine group at a ventilation of 1 liter/min or 2 liters/min ( P < 0.001) (see Discussion ).
Cardiopulmonary Baroreceptors.-In sham-operated rabbits, we assessed the effects arising from vagal afferents which were independent of ventilation by comparing the pressure-dependent curve parameters (averaged over both levels of ventilation) in vagotomized rabbits treated with atropine with those in rabbits given atropine alone ( Table  4) . None of the parameters differed significantly between the two groups. A similar comparison in pontine rabbits failed to show any significant differences in curve parameters. In each preparation at an arterial Po 2 of 100 mm Hg the input from cardiopulmonary baroreceptors thus exerted no definite effect on the stimulus-response curve independent of ventilation.
However, in sham-operated rabbits at a ventilation of 1 liter/min, BP sn was significantly higher in vagotomized rabbits treated with atropine than it was in rabbits with intact afferents given atropine. In pontine rabbits, BP r ,o was significantly lower after vagotomy and atropine administration than it was after atropine administration alone (see Discussion). The parameter differences were absent at a ventilation of 2 liters/min, suggesting interaction between the lung inflation input and the cardiopulmonary baroreceptor input. For notation see Table 1 . The arterial baroreceptors, chemoreceptors, and lung inflation receptors each activate distinctive parts of the cardiac sympathetic motoneuron pool. Under particular circumstances (e.g., at a Poo of either 100 or 30 mm Hg) changes in the activity of one of these specific pool sites can account for the major part of the reflex change in resting heart rate. There are also interactions between the various cardiorespiratory inputs; the interactions can be explained by convergence onto common raotoneurons, and they modify the response to a particular input during a disturbance such as hypoxia. In contrast with the other afferents, the cardiopulmonary baroreceptors exerted effects under the conditions of the present study only when there were simultaneous changes in other inputs, particularly those from the arterial baroreceptors and chemoreceptors. The pathways from the various peripheral receptors to the barorcflex-dependent and the baroreflex-independent groups of motoneurons are shown schematically in Figure 7 .
TABLE -4
Curve Parameters in Rabbits Treated with Atropine Alone or in Combination with Vagotomy (Ventilation with Room A ir)
Arterial Baroreceptors.-Input from the arterial baroreceptors is the major input to the pressuresensitive part of the motoneuron pool, since it is essential for evoking reflex changes in heart period during balloon inflations at an arterial Po 2 of 100 mm Hg or 30 mm Hg. At a Po 2 of 100 mm Hg, suprapontine mechanisms raise the threshold and BP 50 of the group of motoneurons receiving arterial baroreceptor projections in rabbits in which ventilation is controlled, in agreement with findings in spontaneously breathing animals (10). We do not know whether these inhibitory influences are tonic or whether they occur in response to changes in activity from a peripheral input, e.g., from the arterial baroreceptors (19) , as has been suggested in Figure 7 .
Cardiopulmonary Baroreceptors.-Input from the cardiopulmonary baroreceptors has somewhat indefinite effects on the curve parameter at an arterial Po 2 of 100 mm Hg, partly because of its interaction with the input from the lung inflation receptors. In addition, in the present analysis, we have lumped a considerable number of different receptor types together (18) as cardiopulmonary baroreceptors. At least some of these types have mutually antagonistic reflex effects on cardiac sympathetic activity (19) .
However, this input produces definite effects on the stimulus-response curve during severe hypoxia parameter decreases during the course of hypoxia.
Chemoreceptors.-In sham-operated and thalamic rabbits diencephalic projections from the chemoreceptors inhibit sympathetic arterial pressure-independent motoneurons (Fig. 7) . On the other hand, in pontine rabbits chemoreceptor stimulation excites these neurons. In addition, in the intact rabbit projections from the chemoreceptors and from the cardiopulmonary baroreceptors converge on arterial pressure-independent motoneurons (Fig. 7) . Some of these neurons which have been inhibited by chemoreceptor activity during hypoxia can be excited during a reduction in right atrial pressure (and probably cardiac and pulmonary pressure). This effect accounts for the rise in HPR during the later part of hypoxia (Fig. 5) . It also contributes to part of the rise in G. The reason why the effects of this interaction are only apparent at this time may be related to adaptation in the chemoreceptors (20) .
Convergence between the inputs from the chemoreceptors and the arterial baroreceptors accounts for the rise in threshold and BP B0 in shamoperated, thalamie, and pontine rabbits during the early part of hypoxia. Several mechanisms could account for the rise in threshold (21) , but a simple hypothesis is that chemoreceptors influence the lowthreshold pressure-sensitive motoneurons through a collateral from their projection to arterial pressure-independent motoneurons (Fig. 7) .
Normally the input from the arterial baroreceptors can either increase or decrease sympathetic activity in this part of the pool during appropriate small arterial pressure changes. Strong excitation (in pontine rabbits) or inhibition (in suprapontine rabbits) by the high level of chemoreceptor activity during the early part of hypoxia makes these neurons relatively refractory to any further pressure change and converts the low-threshold population into one with a high threshold. For example, in sham-operated rabbits chemoreceptor stimulation will inhibit these pressure-sensitive neurons leaving few units to be inhibited by a rise in arterial blood pressure and making them also relatively refractory to excitation during a pressure fall.
Lung Inflation Receptors.-Input from lung inflation receptors excites arterial blood pressure-independent motoneurons through both suprapontine and bulbospinal pathways. At least some of these arterial pressure-independent motoneurons do not receive chemoreceptor projections, in view of the smaller shift in plateau levels during hypoxia in spontaneously breathing rabbits compared with that in rabbits ventilated at a constant respiratory minute volume.
Previous work has suggested an interaction with the chemoreceptors through a pathway from the lung inflation receptors to the cerebral hemispheres, which disinhibits the sympathoinhibitory effects of chemoreceptor stimulation during mild hypoxia (3, 12) .
INTEGRATIVE MECHANISMS IN THE INTACT RABBIT
In the intact spontaneously breathing rabbit, the reflex change in heart period during severe arterial hypoxia and hypocapnia is mediated partly through autonomic motoneurons not receiving baroreceptor projections and partly through the baroreceptor system. We have not studied the afferent projections to the vagal motoneuron pool but have assumed that the inputs and interactions responsible for the baroreflex-dependent and the baroreflexindependent effects on sympathetic activity also account for corresponding vagal effects. The chemoreceptor and lung inflation receptor inputs are thus the main determinants of the shifts in plateau levels. Each input probably has the same magnitude in sham-operated and pontine animals, in view of the similarity of the respiratory responses and changes in arterial blood composition in these preparations (12, 13) .
In the sham-operated rabbit, the baroreflexindependent part of the rise in heart period results from vagal excitation and sympathetic inhibition. These changes exert synergistic effects on heart period throughout hypoxia. In the pontine rabbit, the initial baroreflex-independent component of the heart period response consists of simultaneous excitation of vagal and sympathetic effectors, which have antagonistic effects on heart period. Later on baroreflex-independent lowering of the plateau is due to the synergistic effects of sympathetic excitation and vagal inhibition. Presumably vagal inhibition in the pontine rabbit is evoked by a different component of the input profile than that which caused the initial excitation. The higher heart rate centers thus appear to relate the vagal and the sympathetic baroreflex-independent effector output more precisely to the composition of the afferent input profile than do those of the bulb. Diencephalic mechanisms are responsible for the synergistic action of the vagus and the sympathetic nervous system on the heart period and thereby maximize the baroreflex-independent component of the reflex response. Centers in the cerebral hemispheres also contribute to these effects (Fig. 3) .
The baroreceptor system accounts for about 25% of the initial increase in heart period in the shamoperated rabbit. The rise in heart period would have been only slightly greater if threshold had not risen above control at this time. In these rabbits the effect of the rise in threshold is almost completely offset by elevation in gain. In the pontinc rabbits, where gain does not increase at the beginning of hypoxia, the same rise in threshold completely prevents an increase in heart period during a similar elevation of arterial blood pressure.
The sustained increase in gain of the baroreceptor system of the normal rabbit makes it possible for the heart period of the animal to move from one end of its baroreflex-dependent range to the other in response to a small (few mm Hg) change in arterial blood pressure. The arterial blood pressure changes during hypoxia reflect the balance between reflex constrictor effects and local dilator effects (3) . When the balance tilts in favor of the latter, the limit of baroreceptor-mediated cardioacceleration is set by the magnitude of the baroreflexindependent component.
In the intact animal the baroreceptor system may thus be considered to change from a fixed-value servocontrol system in which performance depends almost entirely on the input from the arterial baroreceptors during resting conditions to a variable-reference servoconrrol system in which other inputs are important determinants of the system's responses to arterial blood pressure stimuli during disturbances.
